INTRODUCTION
Recently, there has been a high demand for bio compatible materials that can function in the body for a long time as artificial substitutes for damaged tissues. These materials' mechanical properties should approach the mechanical properties of the living tis sues being replaced. The development of artificial car tilage substitutes, particularly articular cartilage, is very topical. According to the data from [1] , nearly 190 million people around the world suffer from vari ous types of arthritises and arthroses. In affected joints, the cartilage degenerates, thereby resulting in severe consequences that dramatically worsen a patient's quality of life. Joint injuries give rise to carti lage damage as well.
One possible method for the treatment of severe joint pathologies is to replace damaged cartilage with hydrogel materials whose water contents and physical properties approach those of some types of living tis sues. These hydrogels have good biocompatibility and have been considered recently as candidates for artifi cial substitutes for cartilage as well as intervertebral discs and blood vessels [1] [2] [3] [4] . However, biocompatible hydrogels, for example, poly(acrylamide) (PAA) gels, have lower elastic moduli (by two orders or more) than articular cartilage [5] .
Cartilage can withstand substantial and long last ing mechanical loading. For example, it is mentioned in review [6] that contact stress acting on the surface of articular cartilage during the usual daily activity of a human is close to 2 MPa, while more strenuous activ ity leads to loading of nearly 6 MPa. According to [6] , the maximum load not resulting in injury is nearly 12 MPa, while according to the data from [7] , it is 15-30 MPa. It was determined that the main type of deformation that cartilage is exposed to in joints is compression [8] ; the level of deformation can reach 30 [6] or even 50% [9] during the motion of a human. On the other hand, for most known types of hydrogels, the degree of stress during compression deformation of 30-50% does not exceed 1-2 MPa and usually is substantially less. University, ul. L'va Tolstogo 6/8, St. Petersburg, 197022 Russia *e mail: buyanov799@gmail.com Abstract-New composite hydrogels based on cellulose and poly(acrylamide) have been synthesized via rad ical polymerization of acrylamide in cellulose swollen in a reaction solution. In this study, both a plant form of cellulose and a bacterial form-that cultivated by Acetobacter xylinum bacteria-were used. The behavior of synthesized hydrogels during swelling in water, as well as the behavior of the samples swollen at equilibrium during deformation under uniaxial compression under various test conditions, have been studied. A compar ative analysis of the main mechanical characteristics of hydrogels and the appropriate data for various types of articular cartilage, one of which-rabbit knee meniscus-has been tested in this study, has been per formed. An average strength hydrogel is very close to articular cartilage in all mechanical characteristics. In studies [5, [10] [11] [12] [13] [14] , methods of synthesis of com posite hydrogel materials of a new type with improved mechanical characteristics were developed. They comprise a rigid cellulose framework inside which flexible chains of hydrophilic polymers, such as PAA, are included at the microlevel. The presence of the hydrophilic polymers in a material gives it elasticity and creates the required degree of swelling, while the rigid chain framework, namely, cellulose, gives strength to the composite. To some degree, this struc ture reproduces the structure of natural cartilage, where two main polymer components, collagen fibers and proteoglycans, complement and enhance each other. It is important that, according to the data from [15, 16] , both cellulose and PAA have good biocom patibility.
High
Composite hydrogels of this type may be grouped with the class of hydrogels with the structure of inter penetrating polymer networks (IPNs); however, they differ substantially from known types by the degree of organization of the supramolecular structure. The degree of stresses detected in the range of compression deformations of 30-50% amounts to 3-6 MPa for them, and they can resist steadily, that is, without remarkable worsening of mechanical parameters, high cycle fatigue tests under cyclic compression con ditions up to a deformation of 30% [13, 14] . These characteristics correspond to the average degree of compression stresses observed during the function of joint cartilage, although they are substantially lower than the maximum values. The authors obtained data on parameters of biocompatibility of a series of hydro gel samples of this type [12, 13, 17, 18] . They were nontoxic to fibroblasts and blood cells. No negative effect on proliferation of cells was detected. One of the samples was in dog tissue for six months without any negative consequences. It was found in the histological study that a rough capsule of connective tissue does not form around the implant. Fibroblasts penetrated bulk artificial cartilage and formed there the compo nents of extracellular matrix. This result confirmed the high degree of biocompatibility of these hydrogel sam ples.
Recently, we synthesized samples of composite hydrogels with increased cellulose contents that sub stantially exceed those studied earlier in terms of the degree of mechanical characteristics. The aim of the current study is to analyze the mechanical behavior of new samples relative to that for various types of natural articular cartilage. Note that data on the mechanical behavior of articular cartilage obtained during its real function in joints are very limited. For example, no data were found on the mechanical behavior of articu lar cartilage under cyclic compression. In most publi cations, the results obtained during a single deforma tion of samples are usually given. The same situation applies to the published data on the mechanical behavior of hydrogels, which are considered as poten tial substituents of artificial cartilage [4] . This infor mation is insufficient for estimating the validity of an artificial material as a cartilage substitute. Therefore, in this study, the aim was to obtain missing data for the comparative analysis and testing of one of the types of cartilage under multiple cyclic loads. EXPERIMENTAL Samples of composite hydrogels containing plant cellulose (PC) or bacterial cellulose (BC) were synthe sized by radical copolymerization of acrylamide with the low molecular weight crosslinking agent N,N' methylene bis acrylamide (MBA) in cellulose swol len in the reaction solution. The duration of swelling of cellulose in the reaction solution was varied from 1 to 16 h in order to vary the amount of the reaction solution sorbed by cellulose; this circumstance resulted in the synthesis of composite hydrogels with various cellulose to PAA ratios. The initial concen trations of acrylamide, MBA, and the initiator, cobalt(III) acetate, in the aqueous reaction solution were 7.4, 1.4 × 10 -3 , and 0.5 × 10 -3 mol/L, respec tively. The procedures of synthesis of cellulose matri ces and hydrogels, as well as their analysis and prepa ration for testing of mechanical characteristics, were described earlier [5, 10, 11] . After synthesis and swell ing, the hydrogels were plates with thicknesses of 3-7 mm and planar parallel surfaces, from which cylin drical samples with a diameter of ~10 mm were cut for mechanical tests.
To prepare samples that contained carboxylate groups, the initial PC-PAA hydrogel, comprising sev eral cylinders with a diameter of ~10 mm and height of 5 mm, was exposed to hydrolysis in a 1 M NaOH solution for 8 h at 50°C with subsequent extension of the process for an additional 1 h at 70°C. The degree of hydrolysis of the amide groups determined via ele mental analysis was 0.59.
The two menisci of the knee joints of a rabbit (the left and the right), after extraction from the joints and removal of ligaments, were placed in a physiological solution and stored for four days in a refrigerator at 4°C. The menisci were half rings with a length of 10 mm and triangular section of ~8 mm 2 . Directly prior to testing of the mechanical characteristics, sam ples with planar parallel surfaces were cut from them. A compressive load was applied to one sample, so that it acted perpendicular to the surface of the meniscus, and to another one, so that it acted parallel to the sur face. Note that, owing to the smallness of the menisci and their complex section, the aforementioned orien tation was not strict.
Mechanical tests of hydrogels of various composi tions and natural cartilage under single and cyclic unconfined compression conditions were performed with the use of a UTS 10 universal setup for mechani cal tests (Germany). Compression of a sample was performed along its axis. The conditions of tests are described in detail in [5, 13, 14] . During tests, stress
